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Outline
• Background and context

Mansurov effect: polar surface pressure variations & variations in By
Well-established, but little understood
Global atmospheric electric circuit?

• Results
Polar lower-atmosphere, time lag study
Global surface pressure study

• Conclusions

Presenter
Presentation Notes
The purpose of this talk is to tell you about recent work we’ve been doing on a phenomenon called the Mansurov effectThis is a well-established correlation between high-latitude surface pressure variations and the interplanetary magnetic field of the solar wind.The motivation for this work is that it is little understood. It is additionally interesting because there are indications that this a transfer of variability in the solar-wind-induced ionospheric electric potential to the lower atmosphere via the global atmospheric electric circuit.And the high-latitude effects, though small, may nevertheless be potentially important inputs of variability to the atmosphereIt is still unclear how current variations in the GEC could eventually lead to these surface pressure variations but something is causing them.There is at least evidence that vertical tropospheric current variations are associated with changes in droplet growth rate at the base of layer clouds, With potential knock-on effects on their scattering properties and emissivities.8.   A key study by Burns et al in 2008 revealed a spatial variation in the Mansurov effect in the polar regions     We confirmed Burns station-data surface study and here present some results from a new global, column study of the low atmosphere using reanalysis data. We find that Mansurov-type correlations exist not just at the Earth’s surface, but throughout the troposphere, and possibly lower stratosphereWith response times greater at the tropopause than at the surface We also find a solar wind effect at mid latitudes whose spatial distribution resembles that of quasi-stationary Rossby-waves11.  We use the spatial patterns of the correlations to explore the mechanisms involved in this mid-latitude effect
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What variations can change Jz?Day-to-day meteorological correlations with Jz  have been attributed to changes in the conductivity, associated with changes to energetic particle precipitation ratesAnd to changes in the ionospheric electric potential due to internal processes (thunderstorms)......And due to external processes, namely, solar wind variability, the largest change being near the poles
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We just want to look at electric potential changes rather than conductivity changes



Daily mean dawn-dusk component of
interplanetary magnetic field

IMF By

The Mansurov effect

12 UT polar surface pressure
anomaly

• Polar
• Opposite sign N & S
• Persistence ~10 days
• Lag ~days
• Periodicity ~27 days
• Amplitude 1 - 2 hPa
• By

Proxy for solar-wind-induced
electric potential in ionosphere

Φsw
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1. The Mansurov effect is a correlation of polar surface pressure variations with the dawn-to-dusk component of the interplanetary magnetic field IMF By2. The relationship between the 12 UT values of pressure anomaly and the daily-mean IMF By is somewhat linear 3. It has a positive slope in the Antarctic and a negative one in  the Arctic4. With a persistence of 10 days and a timelag between pressure and solar wind of the order of a couple of days or less5. There is a well-established periodicity of about 27 days6. The amplitude of the effect is very small but highly-statistically-significant7. Effects at Vostok are larger for the dawn-dusk component of the interplanetary magnetic field By rather than the southward component IMF BzIMF By is a proxy for solar-wind-induced ionospheric electric potential



Solar-wind-induced ionospheric electric potential (SWIP)

• Changes in product of By & solar wind velocity vx ⇒
changes in SWIP at high latitudes.

• Variations in SWIP associated with ionosphere-to-ground 
p.d. variations.  
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Polar solar-wind-induced ionospheric electric potential

• Strong cumulative 
influence of IMF By on 
SWIP. In contrast to Bz.
Tinsley & Heelis [1993], 
Tinsley [2000]

• Empirical Weimer model
(satellite, By, Bz, v) 

• 87% of modelled SWIP 
controlled by By

• < 1% controlled by Bz
Burns et al [2007] 
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Weimer model is an empirical model derived from satellite measurements of the ionospheric electric field and coincident solar wind data. Uses IMF By, Bz and solar wind speed.The plots show the dependence of the daily-averaged Weimer-modelled, solar-wind-induced potential differences at Vostok on daily-avergaed IMF By and I<F Bz (2001 to 2009). Consistent with observed effect on surface pressure with By rather than Bz. Approximately 87% of the modelled solar-wind-induced potential difference at Vostok is controlled by IMF By while less than 1% is associated with Bz.



Spatial change in ionospheric electric potential 
with change in IMF By

Change in IMF By
(large negative to

large positive)

Pettigrew et al. (2010)
1998 – 2002 SuperDARN radar 
database

Large interplanetary magnetic field (IMF)
5 < |B| < 10 nT
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That’s the picture at Vostok. We can get some idea of the picture across the polar regions using SuperDARN radar data of the SWIPPettigrew et al used 5 years of SuperDARN convection data to create such a climatology. The Mansurov effect is a correlation with By. It is deemed to be driven by changes in the ionospheric potential so let’s see how  the potential changes with By3. I used it to see the effect of changing the IMF from By large and < 0 to By large and > 0, at 12 UT



Change in 
ionospheric 

potential
(-ve N)

Pettigrew et al. (2010)
1998 – 2002 SuperDARN radar 
database

Large interplanetary magnetic field (IMF)
5 < |B| < 10 nT

∆Φsw
(kV)

Spatial change in ionospheric electric potential 
with change in IMF By

Change in IMF By
(large negative to

large positive)

Presenter
Presentation Notes
The change is negative in the north; a circle around magnetic pole; an ellipse displaced from geographic pole
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Pettigrew et al. (2010)
1998 – 2002 SuperDARN radar 
database

Large interplanetary magnetic field (IMF)
5 < |B| < 10 nT

Spatial change in ionospheric electric potential 
with change in IMF By

Change in IMF By
(large negative to

large positive)

Presenter
Presentation Notes
And positive in the south



The Mansurov effect
N

Burns et al. 2008
Station data

11 Antarctic
7 Arctic

Verified by me with 
BAS archive.
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Let’s look at Burns et al station data resultsError bars are +/- one standard-error-in-the-mean



The Mansurov effect
N

Change of ∆p and ΦSW
with increasing IMF By

has same sign 
within a given 
hemisphere

-ve in N
+ve in S
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Pressure anomaly is correlating with an electrical quantity which affects the vertical current in the GEC



Global electric circuit in Earth’s atmosphere

• Global thunderstorms: vertical electric potential difference   VT  ~ 250 kV
• Additionally, solar-wind-driven component

Vi =    VT       +     V(ΦSW)
• Vi drives horizontal currents along surface and ionosphere. 
• Closed by ionosphere-ground global fair-weather currents JZ

Vi

Fair
Weather
Current

Jz

Ionosphere

Surface

+     +     +     +     +     +     +

- - - - - - - -

+
-
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Should give you a basic picture of the global atmospheric circuitThe world’s thunderstorms maintain a vertical electrical potential difference, Vi, of about 250 kV between the ground and the ionosphere.In addition, there’s solar-wind-driven component at high latitudesThe total potential difference drives horizontal currents in the ground and ionosphere which globally are closed away from stormy regions by ionosphere to ground fair-weather currents Jz.By fair-weather we mean no precipitation, low cloud cover, low wind, and no thunderstorms for about 75 km



Sodankylä
Halley
polar night study

Harrison and Ambaum, 2013 (potential gradient)

Jz can affect droplet growth rate at layer cloud base

Droplet formation height 
and updraught speed 
steady (on average)

⇒
averaged ceilometer

cloud base height
measures droplet 
growth variations
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Here is a plot of cloud base height anomaly (from a base height) against potential gradient anomaly (from a base value) as provided by the Carnegie curve specification.This is for two high-latitude stations so relatively easy to conduct a polar night study.If the droplet formation height and updraught speed is, on average, steady, for example during prolonged polar night conditions when there is no diurnal cycle, the averaged ceilometer-detected cloud base provides a measure of droplet growth variations.The dependency of the ‘cloud base height’ on the potential gradient is the same at Sodankyla as it is at Halley Base, which at a similar geomagnetic latitude on the Antarctic peninsula, This suggests that Harrison and Ambaum have isolated the operation of a single mechanism at both sites



Why might that indicate involvement of electricity?

• Jz ⇒ electrification of cloud    
edges

• Condensation rate increased by
charged condensation nuclei...

• ...vary with vertical current Jz

• Possible responses in scattering
and emissivity, albedo

Ionosphere

- - - - - - -
Surface

Positive Space Charge

Negative Space Charge

Semi fair weather 
Region

+     +     +     +    +
+                              +   +  + 

- - - - -
- - - -
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 Air conductivity drops substantially between clear and cloudy air due to ion removal.  Results in electrification at edges of clouds   Formation of cloud droplets requires water vapour supersaturated environment Condensation helped at lower super-saturations by charged condensation nuclei... ...electrostatic forces always attractive at small separations Affects cloud lifetime, precipitation, radiative balance, dynamics of atmosphere



Three links between solar variability and atmosphere

1. UV-ozone 
Effect of solar UV variability on stratospheric O3, hence radiation 
balance

2.    EPP-ozone
Effect of energetic particle precipitation (EPP) from space 
environment on stratospheric O3, hence radiation balance

3. Mansurov (GEC-cloud?)
Action of variations in global atmospheric electric circuit on cloud 
dynamics, hence radiation balance, heat budget...

Presenter
Presentation Notes
This tropospheric effect, on a timescale of days is in contrast to other commonly-considered mechanisms of transmitting solar variability to the lower atmosphere. Solar UV variability affects stratospheric ozone and takes weeks or more to transmit a signal to the troposphereEnergetic particle precipitation associated with geomagnetic activity similarly affects stratospheric ozone and likewise is expected to take months to transmit its effect to the surfaceConductivity changes 



Spatial patterns

• Explore spatial distribution rather than spectral analysis 

• Initial global, surface pressure, zero timelag study

Presenter
Presentation Notes
Let’s now move on to our new resultsWe extend the previous IMF By-polar surface pressure correlation study by Burns et al. in 2008 to a global study throughout the troposphere and lower stratosphere using NCEP/NCAR reanalysis dataThe study is conducted for the four-year period 1999 – 2002 when Burns et al. saw correlations in both Antarctica and the Arctic.Like Burns et al., we use 12 UT pressures with the seasonal cycle removed. Well, what I actually use is geopotential height at constant pressure levelsI call this h, on a latitude, longitude, pressure level grid (lambda, phi, p).Daily averages of IMF By are calculated from hourly OMNIWeb data. Like Burns et al. we see how the pressure correlates with IMF when the datasets are displaced in time wrt to each other by tau days. Positive tau means that the solar wind data leads the IMF data. 



Polar           resembles ∆V above 74 ° geomagnetic latitude

North

South

Lam et al. 2013

m

Orange circles at 70°

at 12 UT
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Above about 74 deg. Latitude geomagnetic co-ordinates, delta p and delta V share the same signTogether with the Harrison and Ambaum evidence of the effect of ionospheric electric potential variations on layer cloud base height, we propose that this is a piece of evidence in support of the action of ionospheric potential on the surface pressure in the polar regions via the action of GEC on cloud dynamics



2D pressure is ordered by IMF By at mid latitudes

Orange circles at 30° and 70°

N

S

Lam et al. 2013

x

Presenter
Presentation Notes
We now look at the whole hemisphere results in the north and the south.We found a completely unexpected result – a correlation  between variations in IMF By with variations in surface pressure between 30-70 latitudeThe zonally-averaged difference at mid latitudes is well below that at high latitudesHowever, the 2D surface pressure ordered by IMF By resembles a planetary wave field at mid latitudes, which consists of integer number of azimuthal planetary waves circumnavigating the planet.This fits with the 1D result that, zonally, the field averages out to almost zero at low to mid latitudes



North

2D surface pressure ordered by IMF By in north 
resembles QS Rossby wavefield

Quasi-stationary Rossby
(planetary) waves

C  

Orange circles at 30° and 70° ~ 4 – 6 waves  at mid-latitudes (m = 4 - 6)
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1. By eye, the mid latitude variation in the surface pressure in the northern hemisphere ordered by IMF By resembles this photo showing a typical planetary wave configuration. 2. Usually 4 – 6 waves at mid-latitudes (m = 4 - 6)
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Longitude (°)

Surface 
pressure 
(hPa)

Planetary wave m = 3

• 2D variation in the southern hemisphere 
does not look as regular as in the north

• However, 50°S section shows m = 3 present

2D surface pressure ordered by IMF By in south 
resembles Rossby wavefield

Presenter
Presentation Notes
The longitudinal cut at 50 degrees south strongly resembles the m=3 planetary waves. More like m=5 in the north



• Size of                    at mid latitudes similar to
that in polar regions: ~ 1 - 2 hPa

• Corresponding zonal winds similar to initial
uncertainties in ensemble numerical weather
predictions of ~ 1 m/s

Mid-latitude Mansurov effect could be important 

N

S

Lam et al. 2013

x

Presenter
Presentation Notes
The mid latitude correlation of IMF By with surface pressure is importantIt is similar magnitude to that at the polar regions, namely 1-2 hPaThe corresponding zonal winds are similar to the initial uncertainties in zonal wind used in ensemble weather predictions which are known to be important to subsequent atmospheric evolution and forecasting



• Coriolis force varies linearly in co-latitude θ
• Stationary solutions for wind in longitudinal and latitudinal directions
• Integer number of azimuthal Rossby waves, m
• Geostrophic approximation – horizontal motion balanced by pressure
force

Wavelength in latitudinal direction:

depends on meridional gradient of zonally-averaged pressure, 
which changes with IMF By

Accounts for Rossby-wave-like form of 

Change in latitudinal wavelength 2D QS Rossby waves

Lam et al. 2013

Presenter
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-plane approximation 



2-stage mechanism

C  

i. Change in polar 
pressure field 
involving global 
atmospheric 
electric circuit

Lam et al. 2013

earth
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The spatial pattern of the correlations suggests possible mechanismsOur hypothesis is that the mid-latitude surface pressure is influenced by IMF By via a 2-stage process(i) As IMF By changes from duskward to dawnward (or negative to positive), the electric potential difference between the ionosphere and the Earth’s surface decreases in the northern polar region.Via an effect on cloud dynamics (yet to be fully explored), the sea-level pressure decreases at high latitudes



2-stage mechanism

C  

i. Change in polar 
pressure field 
involving global 
atmospheric 
electric circuit

ii. Resulting change 
in  Lθ via zonal
wind change

Lam et al. 2013

co-latitude θ = 90° - λ
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Presentation Notes
(ii) The size of the meridional gradient in the sea-level pressure therefore increases, as does the mean zonal wind U at mid latitudesFrom the 2D theory of quasi-stationary Rossby waves, for a fixed number azimuthal waves, m, circumnavigating the planet, there is a resulting increase in the meridional wavelength, L, 



2-stage mechanism

C  

Lam et al. 2013

co-latitude θ = 90° - λ

• In varying between 
the two IMF By states, 
we vary between two 
similar planetary wave 
patterns.
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Presentation Notes
(ii) The size of the meridional gradient in the sea-level pressure therefore increases, as does the mean zonal wind U at mid latitudesFrom the 2D theory of quasi-stationary Rossby waves, for a fixed number azimuthal waves, m, circumnavigating the planet, there is a resulting increase in the meridional wavelength, L, 



• Rossby wave field key in determining trajectories of storm tracks

• Configuration of North Atlantic jet stream particularly susceptible to
changes in forcing...

• ... as are location/timing of blocking events? (⇒ periods low/high 
pressure)

Importance of small effects
(nonlinear dynamics)

Implications

Presenter
Presentation Notes
 The Rossby wave field key in determining trajectories of storm tracks The configuration of North Atlantic jet stream particularly susceptible to changes in forcing... ... And therefore the location/timing of blocking events ( periods low/high pressure) It has been proposed that low-frequency variability of NAO arises as result of variations in occurrence of upper-level Rossby wavebreaking events over North Atlantic NAO itself key to climate variability over Atlantic-European sector (from east coast of USA to Siberia, from Arctic to subtropical Atlantic)



Summary

• Changes in IMF By correlate to significant changes in pressure:

- in troposphere and base stratosphere (Antarctic)
- on timescale of days
- peak in correlation occurs with higher timelag at high altitudes

• Globally, strongest and simplest behaviour in Antarctic

• Difference in mean surface pressure for high positive and negative 
IMF By:

- polar mean resembles ionospheric electric potential
- mid-latitude mean resembles planetary wave field

• 2-stage mechanism (i) polar, (ii) mid-latitude:
(i)  direct action of ionospheric potential on cloud dynamics via GEC
(ii) associated changes to atmospheric pressure modify 

planetary wave field via zonal wind
• NCEP Reanalysis data provided by NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from http://www.esrl.noaa.gov/psd/
• OMNI data obtained from GSFC/SPDF OMNIWeb interface http://omniweb.gsfc.nasa.gov
• SuperDARN model of ionospheric potential created by Ellen Pettigrew

Presenter
Presentation Notes
Changes in IMF By correlate to changes in the pressure in troposphere and lower stratosphere on timescale of days, in AntarcticSpatially, the difference in surface pressure for high positive and high negative interplanetary magnetic field component By resembles the difference in the ionospheric electric potential for those two states in polar regionsAnd resembles a planetary wave field at mid latitudesTogether with evidence of the action of the ionospheric potential on layer clouds, we propose a 2-stage mechanism:In polar regions, the direct action of the ionospheric electric potential on clouds via the GECA resulting change in the meridional pressure gradient at mid latitudes which modifies the planetary wave fieldThis leads to a further result: that any similarly-sized, localised solar influence on the polar upper atmosphere may play a critical role in mid-latitude atmospheric dynamics via its effect on Rossby wave dynamics

http://www.esrl.noaa.gov/psd/�
http://omniweb.gsfc.nasa.gov/�
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